Purpose To describe the process and preliminary qualitative development of a new symptom-based patient-reported outcome measure (PROM) intended to assess hemodialysis treatment-related physical symptoms. Methods Experienced interviewers conducted concept elicitation and cognitive debriefing interviews with individuals receiving in-center hemodialysis in the United States. Concept elicitation interviews involved eliciting spontaneous reports of symptom experiences and probing to further explore and confirm concepts. We used patient-reported concepts to generate a preliminary symptom PROM. We conducted 3 rounds of cognitive debriefing interviews to evaluate symptom relevance, item interpretability, and draft item structure. We iteratively refined the measure based on cognitive interview findings.
Introduction
Over 400,000 individuals in the United States (U.S.) receive in-center maintenance hemodialysis for kidney failure [1] . These individuals have health outcomes and quality of life on par with patients with advanced cancer [2] . High symptom burdens contribute to poor health-related quality of life in the dialysis population [2, 3] . Patients receiving dialysis experience, on average, 11 symptoms, including fatigue, nausea, and cramping [2, 4] . Recent studies have found that patients receiving hemodialysis desire greater interaction with their health care providers about symptoms [5, 6] . Patients, along with other dialysis stakeholders, have identified symptom relief as a top priority and called for increased symptom focus in both research and clinical practice [7, 8] .
Despite the importance of symptoms to patients, patients often under-report symptoms [6] , and providers often underdetect them [9] . Routinely collecting standardized patientreported symptoms would obviate the need for spontaneous reporting by patients and promote dialogue about symptoms with care teams. Among patients with advanced cancer, formalized symptom reporting has been found to improve communication and reduce healthcare utilization and mortality [10] . In addition to symptoms from kidney failure, the dialysis treatment itself likely contributes to patient symptoms. Tailored hemodialysis prescriptions may mitigate symptoms associated with fluid removal, dialysate electrolyte composition, and administered medications. However, lack of frequent, standardized symptom assessments limit investigation of associations between symptoms and treatment characteristics as well as symptom responsiveness to therapeutic interventions. In most U.S. dialysis clinics, systematic symptom data are captured using the Kidney Disease Quality of Life (KDQOL™) symptom subscale, a scale that evaluates symptoms over a 4-week period [11] . This recall period precludes the linkage of symptom reports to specific dialysis treatments. A patient-reported outcome measure (PROM) capturing symptoms with a shorter recall period would facilitate investigation of individualized approaches to symptom management.
To fill this measurement gap and unmet need, we sought to (1) develop a relevant, content valid, dialysis-related symptom PROM, and (2) collect evidence that patients receiving outpatient hemodialysis can understand and validly use the PROM. We conducted the study in accordance with PROM development best practices [12] [13] [14] , performing both concept elicitation and cognitive debriefing interviews with patients receiving in-center hemodialysis.
Methods

Overview
We followed a 4-step process in developing the hemodialysis symptom PROM: (1) literature review (previously reported [15] ); (2) concept elicitation interviews; (3) item selection and draft measure construction; and (4) 3 rounds of cognitive debriefing interviews with intervening measure updates ( Fig. 1) . Advisors, including nephrologists, psychometricians, and patients, provided input during the measure development process.
This study was approved by the University of North Carolina (NC) at Chapel Hill and University of Virginia (VA) Institutional Review Boards (studies 17-0038, 17-1252, and 19928) . All participants provided informed consent. All study procedures were performed in accordance with the ethical standards of the institutional review boards and with the 1964 Helsinki Declaration and its later amendments.
Concept elicitation interviews
Participants
We recruited participants from 5 dialysis clinics located in NC and VA and national patient mailing lists. Individuals were eligible to participate if they were at least 18 years old, had received in-center hemodialysis for at least 6 months, and were English speaking. We used purposeful sampling to capture individuals of varying ages, racial backgrounds, and length of time on hemodialysis. This approach promoted capture of diverse experiences and information-rich cases [16, 17] . Recruitment methods in NC and VA clinics included study informational signs and in-person recruitment by study personnel. We used informational emails 
Interview purpose and procedures
We designed concept elicitation interviews to elicit treatment-related physical symptoms experienced by individuals receiving hemodialysis and inform PROM item selection. Additionally, we sought to characterize participant information technology usage and willingness to answer questions about symptoms by different modalities (e.g., paper, smartphone, and e-tablet). We developed a semi-structured interview guide based on literature review and team discussions. Two experienced interviewers (AD, JHN) conducted the interviews from February to October 2017. We stopped the interviews when no new treatment-related symptoms emerged after 3 consecutive interviews (data saturation).
Each participant self-reported demographic information and completed the eHealth Literacy Scale (eHEALS), a validated measure of eHealth literacy among individuals with chronic disease [18] . This 8-item questionnaire captures combined knowledge, comfort, and perceived skills at finding, evaluating, and applying electronic health information to health problems [19, 20] . Higher scores represent higher self-perceived eHealth literacy.
Item selection and instrument construction
The study team then developed a draft symptom PROM during an item generation meeting which was subsequently finalized upon consensus with advisors. Literature review and concept elicitation interview findings informed wording, symptom selection, recall period, and response items for the draft PROM.
Cognitive debriefing interviews
After draft measure development, we performed three cognitive debriefing interview rounds to assess PROM comprehensibility, relevance, and completeness. Results from each round informed subsequent measure modifications.
Participants
We recruited cognitive debriefing interview participants from 4 dialysis clinics located in NC, Texas (TX), and Oregon (OR). Selection criteria were the same as those for concept elicitation interviews. We used purposeful sampling to capture individuals of varying ages, racial backgrounds, education levels, dialysis vintages, and symptom experiences [16, 17] . Recruitment methods included study informational signs, a recruitment letter, and in-person recruitment by study personnel. All participants received $20 remuneration. In accordance with expert recommendations, the target sample size was at least 10 participants per round [13] . We stopped recruitment for each round upon reaching data saturation.
Interview goals and procedures
In-person cognitive debriefing interviews assessed participant understanding of the draft PROM questions and ability to provide valid responses reflecting their own symptom experiences. We performed three interview rounds with measure updates after each. We obtained feedback on symptoms, item wording, response options, recall period, and instructions through semi-structured interviews. 
Interviewer collects…
• Demographic and medical history information • Single Item Literacy Screen [23] • Mini-cog TM assessment [24] Participant receives $20 remuneration Experienced interviewers (AD, JHN) conducted the interviews using the think-aloud technique, a process in which participants verbalize their thoughts as they complete a task [21] . Participants completed the symptom PROM, marking items they found difficult to understand, and then the interviewer probed responses to further evaluate understanding [22] . Each participant self-reported demographic information. In interview rounds 2 and 3, participants answered the Single Item Literacy Screener (SILS) question and completed the Mini-Cog™. The SILS is a single-item question intended to identify individuals who may need help with printed healthrelated materials. We categorized individuals with scores > 2 as having limited reading ability [23] . The Mini-Cog™ is a 3-min instrument to screen for cognitive impairment in older adults. It consists of a 3-item recall test for memory and a clock-drawing test for signs of neurological problems. We categorized individuals with scores < 3 as having cognitive impairment [24] .
Analytic approach
We audio-recorded and professionally transcribed each concept elicitation interview and entered the transcripts into ATLAS.ti software (Version 7, Berlin, Germany). We generated symptom saturation grids that included whether the participant reported the symptom spontaneously or by interviewer probe. We analyzed all data using summary statistics.
During cognitive debriefing interviews, interviewers took detailed notes on standardized interview templates to facilitate full data capture. Interviewers entered notes, demographics, SILS, and Mini-Cog data into the Research Electronic Data Capture database (REDCap). We organized interview data by PROM question to evaluate question performance. We also examined field notes to understand sources of participants' uncertainty. When evaluating comprehension, we gave more weight to items or sections where three or more participants expressed difficulty. We created overall summaries in table format. The study team collectively reviewed summaries and notes to confirm accurate data summation.
Results
Participant characteristics
We conducted concept elicitation interviews with 42 outpatient hemodialysis patients (60 approached, 11 declined, and 7 could not be scheduled). The average age of participants was 57 ± 13 years, 23 (55%) were female, and 23 (55%) were Black. Concept elicitation interview participants hailed from 9 U.S. states. Among the 41 interviewees completing the eHEALS, scores ranged from 8 to 40 with a mean score of 29 ± 9, suggesting, on average, modest comfort with finding, evaluating, and applying electronic health information to health problems. Four (10%) scored < 15, suggesting poor eHealth literacy.
We conducted cognitive debriefing interviews with 52 outpatient hemodialysis patients from NC, TX, and OR (128 approached, 59 declined, 16 could not be scheduled, and 1 missed the scheduled interview). Cognitive interview participants were unique from concept elicitation interview participants. The average age of participants was 58 ± 12 years, 23 (44%) were female, 29 (56%) were Black, and 21 (40%) had education beyond high school. Of the 34 participants completing the SILS and Mini-Cog™, 8 (24%) displayed limited reading ability and 3 (9%) displayed cognitive impairment. Table 1 displays interview participant characteristics.
Symptom item selection
Literature review
We previously published the complete results of the systematic literature review [15] . The review yielded 23 PROMs containing 3 or more physical symptoms. 13 of the 23 PROMs were developed in patients receiving dialysis. Ten of the PROMs had been administered to dialysis patients but were developed in non-dialysis patients. The symptoms most commonly included in the PROMs were fatigue (81% of measures), cough or shortness of breath (71% of measures), poor appetite (67% of measures), and nausea and/or vomiting (67% of measures). Most measures considered a recall period of 2-4 weeks. Bother and severity were the most commonly assessed symptom attributes [15] .
Concept elicitation interviews: symptoms and symptom attributes
Of the 42 concept elicitation interview participants, 41 (98%) spontaneously reported at least one hemodialysisrelated physical symptom. Table 2 provides representative quotations from interviewees. Table 3 displays the most commonly reported symptoms. The most common physical symptoms reported spontaneously (i.e., without interviewer probe) were cramping (50%), feeling fatigued after treatment (48%), lightheadedness (29%), restless legs (19%), and nausea (19%). The most common symptoms reported spontaneously or upon interviewer probe were cramping (69%), feeling fatigued after treatment (52%), lightheadedness (50%), thirst (43%), nausea (41%), and tingling (41%). Other symptoms meeting the threshold for inclusion were headache (31%), itching (26%), restless legs (24%), shortness of breath (21%), vomiting (19%), chest pain (19%), and heart palpitations (14%). Diarrhea (9%), swelling (7%), and confusion (5%) did not meet the inclusion threshold.
Interview participants described substantial life interference from symptoms with impact on social relationships, financial stability, and quality of life. We previously published a comprehensive qualitative analysis of these interviews [6] . Participants identified degree of life interference and symptom severity as the most important symptom attributes to measure. Interview participants also described treatment-to-treatment variation in symptoms, reporting that the unpredictability of symptoms rendered planning events on dialysis days to be challenging, noting "...some treatments seem to be worse than others...". Table 4 displays patient-reported information technology utilization and preference for symptom reporting modality. Of the 42 interview participants, 24 (57%) used a smartphone, 15 (36%) used a mobile telephone without internet access, and 3 (7%) did not use any mobile telephone. Of the 24 smartphone users, 15 (63%) used apps. All participants described willingness to report symptoms to their care teams, with 28 (67%) reporting willingness to do so via smartphone or e-tablet without assistance, and 42 (100%) reporting willingness to do so by e-tablet with assistance. All participants reported that symptom PROM completion every treatment would be too burdensome. Most participants expressed willingness to report symptoms weekly but stressed the importance of timely clinician follow-up. Others recognized that ability and/or interest in PROM completion might be contingent upon health status. One participant stated, "...gosh, it kind of depends on how you're feeling".
Measure drafting
Harmonized concepts from the systematic literature review and concept elicitation interviews informed initial PROM drafting. To balance symptom capture and measure burden, we selected the most frequently reported symptoms (threshold: > 10% of participants) for PROM inclusion. Because some patients have significant symptoms that did not reach the 10% threshold, we added one item where the patient can feel like an exorcism of my toes" Nausea or upset stomach "It's like something's caught in my throat, and it's just,-it'll pass after a while, but I got to get rid of it" "I need to get something up even though I haven't had anything to eat" Vomiting or throwing up "When my food all come back up" "Losing your cookies" Dizziness or lightheadedness "[Lightheadedness] feels like you're drunk with no control. It's not good" "[Lightheadedness] feels like you've bumped your head into the wall, and it takes a couple minutes to get your bearings again" Racing heart or heart palpitations "…heart beats outside my shirt" "…heart thumping or skipping" Shortness of breath "…like I'm breathing, and I can't catch it. Give me oxygen to help and I'll get OK" "You just want to get a deep breath, and you can't, and you're frustrated. It frustrates you, and you just sit there, and kind of talk to yourself, and kind of calm down. It will be OK once you actually get that deep breath in" Thirst or dry mouth "…like you've been in the desert" "…an absolute need to drink" Headache "They're very painful, and they move around. Sometimes on the front of the head, sometimes on the side. It seems to always start during dialysis…toward the end. When you have one of those boogers, you don't feel like doing anything" "Someone's pushing on your head. Sometimes front, sometimes back" Itching "Oh my God, itching. It itches to a point where it feels like it's deep in your skin, and you can't get to it" "…like always having wisps of hair in your face" "It's painful…I scratch till I bleed" Restless legs or difficulty keeping legs still "I got to get up and move around. My legs want to move, and I can't keep them still. You get little twinges, and you just have to keep stretching and moving" "You want to calm down your legs all the way down to the bone" Tingling or feelings of pins and needles "Like some insects or creepy crawlies in your body" "My fingers get numb" Post-dialysis fatigue "Usually I can walk into dialysis fine, but when I leave I have to have a walker because it's just too much to carry my bag. write in a symptom. Literature review findings supported our item selection. We chose to assess the symptom attributes of severity (6-point Likert scale) and interference with daily activities (5-point Likert scale) based on concept elicitation findings. Due to treatment-to-treatment symptom variability, we selected a look-back period of a single treatment to avoid recall bias and facilitate linkage of symptoms to a specific treatment. Finally, to capture fatigue or "wash-out" after treatment, we used the previously validated "time to recovery" question. The question asks "How long does it take you to recover from a dialysis session?" Existing data support this question's interpretability, test-retest reliability, convergent and divergent validity, and sensitivity to change [25] .
To maintain look-back period consistency throughout the measure, we altered the question to "After your last dialysis treatment, how long did it take you to recover?"
Evaluation and refinement of the preliminary symptom PROM Table 5 displays a summary of cognitive debriefing interview results and associated PROM updates.
Round one cognitive interviews
All round 1 cognitive interview participants expressed at least some difficulty with the symptom PROM. Difficulties arose with comprehension of instructions, 4 of the 12 symptom items, symptom gradation scaling, and measure burden. Of the 18 round 1 interview participants, 13 (72%) suggested adding an instructions section to the beginning of the measure. One individual suggested, "Say 'check one box' or 'something'". Most participants displayed good understanding of the 12 symptom items, but 9 (50%) had difficulty with the item "feel restless," 4 (22%) had difficulty with the item "nausea/vomiting," and 5 (28%) had difficulty with the term "self-report." Upon interviewer probing, 8 (44%) reported experiencing nausea without vomiting or vice versa, and only 4 (22%) reported experiencing the 2 symptoms simultaneously. Also upon probing, some participants answering "none" to the "thirst" item reported related symptoms such as "dry" or "cotton" mouth. These participants described marking "none" because their dry mouth sensation did not require drinking fluid to satiate, rather hard candy or food. All participants displayed good understanding of the symptom attributes of severity and interference with daily activities. However, 2 (11%) had difficulty distinguishing "some" from "mild" or "moderate" when grading symptom experiences.
Of the 18 participants, 10 (56%) interpreted the recall period of "most recent hemodialysis treatment" as a general timeframe, answering symptom questions based on their overall symptom experiences rather than their last treatment. Participants suggested changing the reference timeframe to "last treatment" to improve comprehension. In general, Willing to report symptoms via e-tablet with assistance 42 (100.0) Some participants did not understand the terms "nausea" and "vomiting"
Split single item into two items to increase specificity Added "or upset stomach" to nausea item and "or throwing up" to vomiting item Thirst Some participants interpreted "thirst" as present only when the sensation was severe enough to prompt drinking. Participants described a continuum of related symptoms (e.g., dry mouth) that were related but not severe enough to prompt drinking Added "or dry mouth" to thirst item to broaden concept Self-report symptom Some participants did not understand the term "selfreport"
Changed to "Other (write-in)" to improve comprehension Symptom attribute(s) Severity Interference with daily activities All participants understood the terms "severity" and "interference with daily activities"
No change to severity Removed interference with daily activities based on burden assessment (see below)
Likert scale(s) Severity: 6-point (none, mild, some moderate, severe, very) Daily activity interference: 5-point (not at all, a little bit, somewhat, quite a bit, very much)
Some participants had difficulty distinguishing between "some" and "moderate" severity participants did not find the PROM overly burdensome, but reported that inclusion of both symptom severity and interference with daily activities was redundant due to perceived similar meanings. Participants recommended dropping the interference scale for the sake of brevity. Participants displayed good understanding of the time to recovery question, describing recovery as "get yourself back together and normal" and "when you can do what you need to be doing". Participant responses led to PROM refinements aimed at increasing clarity and decreasing burden. Specifically, we (1) added instructions to provide guidance; (2) updated "feel restless" to "restless legs or difficulty keeping legs still" to improve understanding; (3) split "nausea and/or vomiting" into two items to increase specificity; (4) expanded "thirst" to "thirst or dry mouth" to broaden the concept captured; (5) replaced "self-report symptom" with "other (write-in)" to improve comprehension; (6) removed the symptom attribute of interference with daily activities to reduce burden; (7) decreased response options in the severity Likert scale from 6 to 5; and (8) altered recall period description from "most recent treatment" to "last treatment" to increase clarity.
Round two cognitive interviews
We conducted a second round of cognitive interviews with 21 patients to assess the updated PROM. Participant responses during round 2 interviews supported the selection of symptoms and wording changes made in round 1. All participants displayed good understanding of all symptoms including the "other (write-in)" option and time to recovery question. Participants showed improved understanding of the recall period. However, 9 (43%) still responded to the symptom questions "in general." Upon interviewer probing, 21 (100%) were able to describe symptoms from their last treatment. To emphasize the intended recall period of "last treatment," 5 (24%) suggested adding reinforcing text to the instructions.
Following round 2 interviews, we made the following PROM refinements to improve comprehension: (1) added "We are interested in the symptoms you had during your last dialysis treatment. Respond only based on your last treatment"; and (2) included the stem, "During your last dialysis treatment, did you have…" with each symptom item.
Round three cognitive interviews
We conducted a third round of cognitive interviews to assess the updated PROM. Round 3 participants confirmed relevance of the included symptoms, expressed no difficulty with comprehension of the items or response options, and reported symptoms based on the intended recall period. Of the 13 round 3 participants, 5 (38%) noted, without probing, that the instructions oriented them to symptoms during their "last treatment." Several added that they would have been tempted to respond "in general" without the additional reinforcing instructions.
Assessment of burden and overall rating of the instrument
During cognitive interview rounds 2 and 3, participants rated the difficulty of completing the symptom PROM. Of the 34 participants, 17 (50%) rated the PROM very easy, and 15 (44%) rated the PROM easy. Participants described the measure as comprehensive with one noting, "It covers everything and does not feel too long like some of the other surveys we take." Others commented: "easy," "short and sweet," "no big deal," and "I wish more surveys were like this".
Most participants thought that the PROM would help dialysis care teams better understand patient symptoms, viewing it as a communication tool. One participant said, "[clinic personnel] would be more aware of what we go through." Several participants pointed out the importance of administering the PROM repeatedly over time due to symptom fluctuations.
The resultant hemodialysis-related symptom PROM, Symptom Monitoring on Renal Replacement TherapyHemodialysis (SMaRRT-HD™), is a 14-item instrument that measures 13 symptoms (12 specific + 1 write-in) with 5-point severity Likert scales (none, mild, moderate, severe, very severe) and dialysis recovery time with a single, previously validated open-ended response question. The measure specifies a recall period of the "last dialysis treatment" for each item.
Discussion
Given the importance of symptoms to patients, frequent under-appreciation of symptoms by providers, and lack of standardized symptom data collection tools, there is a need for a succinct PROM capturing dialysis-related symptoms. We designed SMaRRT-HD™ to assess the most important hemodialysis-related physical symptoms based on evidence from a systematic literature review and patient interviews. Cognitive debriefing interviews yielded evidence that patients understand and are able to complete SMaRRT-HD™ as intended.
SMaRRT-HD™ addresses a measurement gap in hemodialysis research and practice. Despite the substantial impact of symptoms on health-related quality of life among individuals on dialysis, there are few proven treatment strategies to alleviate symptoms. Some symptoms may be related to the hemodialysis procedure itself, rendering them attractive targets for intervention. For example, cramping may occur when fluid removal rates exceed vascular refill rates. Nausea, lightheadedness, and cramping, among other symptoms, may occur with acute blood pressure drops. Despite the plausible associations between symptoms and the dialysis treatment, existing data are inconclusive [26] [27] [28] . Inconsistent research findings may, in part, stem from treatment-to-treatment symptom fluctuations and insufficient symptom data measurement. Existing symptom PROMs do not capture the treatment level symptom data necessary to support the systematic study of the associations between symptoms and treatment features such as dialysate composition, rates of fluid removal, and blood pressure variation. The most commonly administered symptom PROM, the KDQOL™ symptom subscale, relies on a 4-week recall period, rendering it impossible to link symptoms to specific treatment characteristics [11, 29, 30] . Furthermore, the KDQOL™ is administered relatively infrequently, often only annually among prevalent patients. The Dialysis Symptom Index (DSI) assesses bother of 30 physical and mood symptoms with a recall period of 1 week [31] . To-date, the instrument has only been used in research settings. Similar to the KDQOL™, the DSI recall period of 1 week (3 treatments) precludes linkage of symptoms to individual treatment characteristics. Moreover, the 30-item DSI is lengthy, raising concern about burden if it were to be administered on a weekly or bi-weekly basis. The modified Edmonton symptom assessment (ESA), another physical and mood symptom checklist developed for dialysis patients, evaluates symptom severity on a scale of 0-10 at the present time [32] . However, the modified ESA omits common treatment-related symptoms such as cramping and restless legs.
SMaRRT-HD™ is a succinct symptom PROM that assesses physical symptoms from a single dialysis treatment. We selected the symptoms for inclusion based on reporting frequency in concept elicitation interviews. Our literature review supported these symptoms. We chose to focus on physical symptoms to capture symptoms most plausibly related to the dialysis treatment and most likely to fluctuate on a treatment-to-treatment basis. To limit measure burden, we set a 10% reporting frequency threshold for symptom inclusion. This approach resulted in the inclusion of 12 specific symptoms and additional write-in symptoms. Reassuringly, the included symptoms were consistent with existing data [2, 33] , and no missing symptoms were identified during cognitive interviews. Two-thirds of concept elicitation interviewees reported fatigue after dialysis treatments. This is consistent with other reports concluding that 60-97% of individuals on dialysis experience fatigue [7, 34, 35] . There is no universally accepted definition of fatigue in chronic illness, and a recent review of fatigue measures suggests that fatigue among dialysis patients may have up to 11 dimensions [36] . Given the complexity of fatigue and our interest in capturing treatment-related symptoms, we included the previously validated time to recovery question in our measure.
We selected a recall period of "last dialysis treatment" to facilitate linkage of symptoms to treatment-level data and limit influence from factors known to affect symptom reporting (e.g., symptom intensity and proximity to report) [37, 38] . Cognitive interview participants displayed excellent ability to recall symptoms from the prior treatment. Among in-center hemodialysis patients, the "last dialysis treatment" recall period may range 48-72 h depending on the weekday of assessment. We intend for the measure to be administered at the beginning of a dialysis treatment, with a recall to the previous treatment. This approach facilitates assessment of symptoms and dialysis recovery time from the same treatment. We developed SMaRRT-HD™ with the intention of converting the validated paper measure to an e-tablet measure to support integration of symptom data into the electronic health record. While only two-thirds of concept elicitation interviewees expressed willingness to use an e-tablet for symptom reporting without assistance, all expressed interest in using an e-tablet with assistance or after training.
We developed SMaRRT-HD™ for use in both clinical practice and research. Consistent with prior reports, participants desired more interaction with their providers around symptoms [5, 6] . Many participants indicated that SMaRRT-HD™ responses would be useful for their care teams. For instance, in clinical practice, this PROM may facilitate conversations about symptoms between patients and dialysis care technicians, nurses, and medical providers. This is particularly important given our previously reported findings that patients often under-report their symptoms [6] . Symptom data collection via SMaRRT-HD™ will also enable systematic investigation of the associations between physical symptoms and aspects of the dialysis treatment. Such research is essential to advance therapeutic interventions for symptom alleviation.
Strengths of this research include the size and heterogeneous nature of the interview sample. We recruited patients from various sources including academic-affiliated institutions and community-based practices in diverse U.S. regions. The sample size (n = 94) was large for this study type. Study limitations include recruitment of English-speaking participants only. Individuals from different cultural or ethnic backgrounds may prioritize and report different symptoms and/or interpret symptom terminology differently [39] [40] [41] . Measure translation and subsequent content validation studies are needed to inform symptom PROMs in other languages. Second, symptom reports among concept elicitation interview participants vs. non-participants may differ, and we are unable to account for this potential bias. Third, we excluded children and individuals receiving home hemodialysis and peritoneal dialysis. Symptoms likely differ in these distinct populations and merit dedicated study and measure development. Fourth, to limit burden and support more frequent PROM administration, we included one item per symptom. Single items are more vulnerable to random measurement errors and unknown biases in meaning and interpretation [42] .
SMaRRT-HD™ is a content valid dialysis-related, physical symptom PROM for adults receiving outpatient maintenance hemodialysis. Next steps in SMaRRT-HD™ development involve evaluation of psychometric properties, development of measure scoring, and conversion to an e-tablet-based application with integration into the electronic health record.
